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[57] ABSTRACT

A improved thermal ban'ier coaling and method for produc-

ing :rod applsing such is disclosed herein. The thermal

bamer coaling includes a high temperature substrate, a first

bond coal layer applied to the subslrate of MCrAIX, and a

second bond coal laver of MCrA1X with panicles of a

particulate dispersed througlaout the MCrAIX and the pre-

fetved paniculale is AI20 _. The particles of the particulate

dispersed throughout the second bond coal layer preferably

have a diameter of less then the height of the peaks of the

second bond coal layer, or a diameter of less than 5 ,tun. The

method of producing the second bond coal laver may either

include the steps of mechanical alloying of parlicles

throughout the second bond coat la_er, attrition milling the

particles of the paniculate throughoul the second bond coat

layer, or using electrophoresis to disperse the particles

throughout the second bond coal laser. In the prefened

embodiment of the invention, the first bond coat layer is

applied to the substrate, and then the second bond coal layer

is thermally sprayed onto the first bond coal laser. Further,

in a prefened embodimenl of the inxention, a ceramic

insulating laver covers the second bond coat laver.

8 Claims, 1 Dra,ving Sheet
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METHOD OF PRODUCING CONTROLLED

THERMAL EXPANSION COAT FOR
THERMAL BARRIER COATINGS

This is a divisional of application Ser. No. 08/060,309
filed on Oct. 29, t997 now U.S. Pat. No. 5.863,668.

ORIGIN OF THE INVENTION

The imention described herein was made by employees

of the U.S. Governnlent and may be manufactured or used

b_ or for tile U.S. Government for governmental purposes

without tile payment of any royalties thereon or therefore.

BACKGROUND OF THE INVENTION
15

I. Field of Invention

This imention pertains to the ,art of methods and com-

potmds for providing a thernlal barrier coating, and more

specifically to methods and compounds for providing a

the,real barrier coating _ith enhanced thermal fatigue life 211

through modification of the bond coat coefficient of thenual

expansion in targeted regions of the bond coat microstruc-
lure.

2. Description of the Related Art

In the past. thermal barrier coatings included two layer

coatings that consisted of a MCrAIX bond coat, wherein
M=Ni. Co, or Fe and where X=a reactive element such as Y,

Zr. Hf. Yb. or any other reactive element, deposited onto the

substrate, and a ceramic insulating layer deposited onto the _o

bond coat. The ceramic insulating laver was typically a

zirconia based oxide ceramic, most often a zirconia partially

stabilized with 6-8 weight percent yttria. The bond coat was

bpically 0.005-0.008 of an inch thick and the top coat was

typicall,, 0.005-0.020 inch thick. For plasma sprayed ther- _5
real battier coatings, which the present invention specifi-

cally addresses, the bond coat was prepared with a rough

surface to facilitate adhesion of the outer ceramic layer. The

bond coat was required to provide oxidation resistance for

the under lying substrate, as well as be oxidation resistant to 4o

prexent oxidation failure of the thermal ban'ier coating. The

rough surtace enhanced adhesion. The roughness also
increased the stresses in the region of the interface betxveen

the bond coat and top coat.

The thin. two-layer coating described above works well in .45

current applications. Hoxvexer. these coatings lack the ther-

mal fatigue resistance required for future applications that

require hmger thermal fatigue life. While numerous modi-

fications haxe been puq_osed for new ceramic compositions

and structures, few or 110proposed approaches address the 5o

primary concern l\u" higher durability.

Alternate structures for themml barrier coatings included

"thick" thermal ban-ier coatings that were developed l\)r
diesel en,.zines and outer air seals in anvraft turbines. These
thick thermal barrier coats were on the order of 0.080 inch 5"_

to 0.14 inch thick. The constraint developed by the high

thickness of these coatings tended to generate higher themml

stresses than in a thin tx_o-layer coating, causing coating
faihu'e of thick coatings at short life times. In order to reduce
the stress concentration bet,,veen the thick ceramic and the r,0

metal bond coat. these coatings were modified to "'grade" the

coefficient of thermal expansion of the coating through the

thickness of the ceramic laver. The first layer was 100

percent MCrAIX bond coat layer, while laxers two through

fi_e contained increasing amounts of yttrium-partiall.,, sta- ¢,5

bilized zirconia and decreasing amounts of MCrAIX. The

coatings haxe also been configured in fexve," discrete layers
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or graded continuously fiom the bond coat to the top layer.
The effect was to gradually alter the coefficient of thermal

expansion of the coating from that of the MCrAIX to that of

the Yttrit, m-partially stabilized zirconia, thereb3 axoiding a
5 high stress concentration within the ceramic layer. The

concept worked well for the coatings where there was
sufficient distance between the bond coat and lop coat to
allow for strain isolation. Howex er. such a sufficient distance

was not ah_ ays available.

IO The disadvantages of thick, graded tbernaal bamer coat-

ings described abo_e are two-l\)ld. The first is simply that the

coatings must be thick to achieve the strain isolation as

required. While the added ',,,,eight of a thick coating is not a

serious penalty for all applications, added coating weight is

clearl', a penalty for applications in the rotating parts in gas

turbines, specifically aircraft turbines. The added thickness

is also detrimental to the aerodynamics of a turbine blade or

vane. especially tile trailing edge where a thin total cross

section is required. The second disadx antage of thick ther-

mal baniers as they are cunentl.x used is that the grading
inch, des certain amounts of isolated MCrAIX _ithin a

ZrO,--Y_,--O_ matrix at some point in the coating, if this

laver of tile coating is allowed to reach too high a

temperatu,e, the MCrAIX will oxidize. Oxidation of the

MCrAIX can cause expansion of the ceramic-metallic

Icermet_ laver to such a degree that the coating is destroyed.

For a thin coating for high temperature applications, there is

inst,lticient insulation to protect the graded layer from the

high temperature and attendant oxidation that will cause
failure. For tiffs reason, thick thelmal barriers in high

temperature applications require the outer insulating laver to

be thick enough to insulate the graded layers. Howexer. this

type of coating will then become too thick and too heavy to

be used in man3 applications as described aboxe.

The present inxention contemplates a ne,x and improved
thernlal barrier coating which is simple in design, effective

in use. and o',ercomes the foregoing dilticulties and otbers

while proxiding better and more adxantageous overall
results.

SUMMARY OF THE INVENTION

In accordance ',_ith tbe present inxention, a new and

impro_ ed thermal banier coating is prox ided x_hich prox ides
enhanced thermal fatigue life through modification of the

bond coat coefficient of thermal expansion in targeted

,'egions of the bond coat microstructure.

In accordance ,xith the present inxention, a thermal barrier

coating is disclosed for use with a high temperature sub-

strafe. The coating comprises a first bond coat layer of
MCrAIX xvherem M is a material ,;elected from a group

consisting of nickel, cobalt, and iron and v,berein X is a

material selected fiom a group consisting of reactive ele-

ment_, such as .yttrium. zirconimn, hafnium, and ,,tterbium.
A second bond coat layer comprises a MCrAIX matrix

wherein particles of a p,'u'ticulate are dispersed throughout.

The second bond coat is applied to the first bond coat layer.

In the second bond coat layer. M is a material selected from

the group consisting of nickel, cobalt, iron and mixtures
thereof, and wherein X is a material selected from a group

consisting of reactixe elements such as yttrium, zirconium.

hafnium and ytterbium and mixtures thereof, the particulate

being selected from the group consisting essentially of

alumina, yttrium-aluntinun_-gamet, nickel-aluminum spinel.

yttria, and mt, llite.

According to another aspect of the present inxention, a

method for producing a therm:d barrier coating on a sub-



6,093,454

3

strafe is disclosed. The thermal banier coating includes a

first bond coat layer, and a second bond coat layer. Tile

method includes the steps of applying the first bond coat to
the substrate, providing a mixture comprising a ceramic-

metallic matrix having particles of the particulate dispersed 5

throughout the matrix for use as a second bond coat layer,
and applying the second bond coat laver to the first bond

coat layer.

One advantage of tile present invention is that tvell

dispersed pro'titles assure uniform properties in the second m

bond coat layers.

Another advantage of the present invention is that the fine

dispersion assures unifornl properties of the bond coat

within the critical bond coat I_'ak region.
15

Another advantage of the present invention is that the fine

dispersion of particles assures that properties are obtainable

in a thin coating, therefore little or no weight penalty' is

created due to the coating.

Still other benefits and advantages of the invention will 2o

become apparent to those skilled in the art to uhich it

pertains upon a reading and understanding of the following

detailed specification.

BRIEF DESCRIPTION OF THE DRAWING 25

The imention may take physical form in certain parts and

arrangement of parts, a preli:rred embodiment of which will

be described in detail in this specification and illustrated in

the accompanying dra;ting which forms a part hereof and
wherein: _11

FIG. 1 is a schematic xiew of a controlled expansion bond

coat for thermal ban'ier coatings according to the present
invention.

DESCRIPTION OF THE PREFERRED 3_

EMBODIMENT

RefmTing now to the drawing wherein the showings is for
purposes of illustrating a preferred embodiment of the

invention only: and not for purposes of limiting the same, 4o
FIG. 1 sho_s a schematic view of a controlled expansion
bond coat for thermal ba]Tier coatings ID in a preferred
embodinlent of the imention. The controlled expansion

bond coat for thermal barrier coatings 10 includes a high

temperature substrate 16. a first bond coat layer 22. a second 45

bond coat layer 28 and a ceranfic insulating layer 34.

Substrate 16 is typically a super allot', however, other alloys

requiring a themml barrier coating system may also benefit

from the present invention. The first bond coat laver 22 is

preferably a layer of MCrAIX. where M is either nickel. 5o
cobalt, or iron and where X is a reactive element such as

yttrium, zirconium, hafnium, ytterbium, or any other suit-

able reactive elelnent. The second bond coat layer 28 is a

MCrAIX matrix that includes particles 36 of a particulate

dispersed throughout the MCrAtX matrix. The properties of 55

the particulate are such that the paniculate must ha',e an

expansion coefficient similar to the expansion coefficient of

ZrO_,--Y_,O _ or, preferably, lower. The particulate must be

chemically inert relative to the MCrAIX up to the use

temperature of the coating. The particulate must have a low el)

oxidation diffusivity. The particulate nmst also have thermal

stabilit.t up to the use temperature. Finally, the particles 36

of the particulate should preferably be discreetly' and uni-

formly distributed in the second bond coat layer 28. The

second bond coat layer 28 preferably Iornls a rough coat _,5

ha_ing a roughness of 250 .uin. mininmm, represented by'

peaks 41) in FIG. 1. The particles 36 of the p,'uticulatc are all

4

unifortnly distributed throughout the rough second bond

coat layer 28. and therefore, must have diameters less than

the size of the bond coat peaks 40. which is approximately

5 u,n. The particulate is preferably selected from the group

consisting essentially of alumina IAI_,O_ ). Chromia _Cr_,O_ _.

Yttria (Y_,O;). yttritnn-alunlinunl-garnet, nickel-ah, minunt

spinel, mullite, or any other mixture thereof which yields an

oxidation resistant, inert phase with a low tbemlal expansion
coefficient.

Tile volume fiaction of the particulate dispersed in the

metallic matrix affects the coefficient of thermal expansion

of the second bond coat la',er 28. Thus. the volume fiaction

required to achiex e the effect desired in the present invention
will _arv depending on the actual coefficients of thermal

expansion of the MCrAIX matrix, tile particulate used in the

mixture, and the ceramic insulating layer. The amount of

particulate that can be tolerated in the melallic matrix before

there is a decrease in other critical properties, such as
ductilit',, of the bond coat. also effects tile ',olume fraction of

particulate added to the matrix. The _olume fraction of

particulate required to achie',e complete matching of the

coelficient of thermal expansion can be easily' calculated if

the coefficient of thermal expansion of the mixture is
assumed to lollm_ a rule of mixtures.

Any method of creating a high xolume fraction of finely

dispersed p,-u-ticlcs 36 in the MCrAIX matrix of the second

bond coat layer 28 should be capable of providing a themlal

fatigue benefit. The method that has been used most often for

the present invention to fabricate the particulate containing

MCrAIX matrix has been thermal spray of a MCrAIX

po',_der containing a finel', dispersed alumina particulate.

The powder was fabricated by attrition milling of the

particulate material with an MCrAIX powder. Agglomera-

tion processing or spray' drying processing may also be used

to fabricate pov.der suitable for thermal spraying.

Other means of introducing a second phase into the matrix

are possible. In situ methods l\'_r introducing particulate to

metal matrix pmvders may be appropriate as long as a large

,colume fraction of the particulate can be established.

()ther means of applying a t, niform deposit of powder to

a substrate are possible, in addition to thermal spraying.
Slurry deposition and electrophoresis are two examples of

processes that may also proxe capable of applying the bond
coats layer 22. 28.

The following examples of the present invention are
intended to be illustrative in nature onh' and not to be

",iex_ed as limiting or defining the scope of the invention.

EXAMPLE I

Initial studies of the pre,;ent invention of a controlled

expansion bond coat for thermal barrier coatings 10 used

Ni-16Cr-6AI-0.3Y as the MCrAIX. and the particulate used

was AI,O,. The elleel of attrition milling was to create a

powder consisting of a dispersion of submicron AI_,O_

particles ",_,ithin a Ni-16Cr-6AI-O.3Y metal matrix. The

powder was used for the starting material for low pressure

plasma spraying of a second coat laver 28. having a micro

structure similar to that for oxide dispersion strengthened

alloys, but with a much high ',olume fraction of tile particu-

late. In this p;u-ticular example, use of a AI_,O_ lot tile
particulate requires a volume traction of approximately 0.7 l
with MCrAIX to achie',e a near zero mismatch of coeffi-

cients of thermal expansion between the second bond coat

layer 28 and ceramic insulating layer 34. Hov_ever. a sig-

nificant increase m thern'tal b,'u'rier coating 10 lite can be

achieved with at controlled expansion bond coat 'aith the
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volume fraction of the particulate being substantially less
than 0.71. Use of NiCrAIY as tile first bond coat layer 22 and

NiCrAIY +AI20; as the second bond coat layer 28 showed

reasonable resistance to thermal Qcling damage.

The dispersion of the particles 36 of the particulate is
achie',ed by first producing it powder consisting of MCrAIX
having a low expansion phase finely dispersed therein. This
pov, rder is then thermal spra.,.ed onto the inner first bond coat
layer 22 to form the second bond coat layer 28. Thereafter.
an insulating layer is then deposited on the second bond coal
layer 28. The powder is preferably produced by mechanical
alloying, a process where the MCrAIX is ground together
with the particles 36 of the particulate to achieve a fine
dispersion of the low expansion phase within each pov, der
particle.

While AI20_ was the particulate chosen in this particular
example, it is believed that yttrium-aluminum-garnet.

nickel-aluminum spinel, yttria, mullite and other oxides may
be reasonable candidates as a second phase. Similarly. while
NiCrAIY is the most common MCrAIX material used as the

matrix, there are a wide range of NiCrAI'_: FeCrAIY.

CoCrAIY and NiCoCrAIY compositions that x_ill meet the
requirments for matrix material.

EXAMPLE lI

A mixed ceramic-metallic for cermet_ bond coat has been

developed and applied for mo different substrates and uses.
These coatim, s are similar in intent to the coatin_ of the

present imention. The first cermet were deposited t,sing a

mixed ceramic and metal powder to form a bond coat l\_r it
thermal barrier coating. In this case. the bond coat was

p,'epared as a single layer and used relatively large particu-
late particles, i.e. greater than 5 urn. The intent was to

proxide gross Ion the size scale of the thickness of the
coating_ coefficient of themlal expansion matching. Some

coatings were highly successful while others that were
processed identically showed no advantage over current

coatings. In 'cie_ of knowledge gained through the present
resea,ch, it is suspected that a second phase ,.,,as not uni-

formly distributed m the peaks of the bond coat.

Another cermet coating was developed to provide gross
matching of the coetficient of thernml expansion between an

oxidation resistant coating and a Ti-based substrate. There
was no outer ceramic layer used in this coating. In this case.
the matching of the coefficient of thermal expansion

achieved at lower amount of cracking in the oxidation
resistant coating then was achieved without matching of the

coefficient of thermal expansion. However fatigue tests on
the coated article indicated the coating caused a life debit for
the substrate.

Initial tests on a tv, o layer coating for Ti-based nmterials.

incoq,orating NiCrAIY as the first layer and NiCrAIY+
AI_,O_ as the second layer showed reasonable resistance to

the thermal cycling darnage. In both cases the second phase
distributed within the matrix contained large particles of

particulate.

EXAMPLE Ill

A single la.,.er coating incorporating particulate as
described above has been shov, n to double the life of the

thermal battier as compared to a coating without particulate.

Hov, e',er+ it is exl_cted that a single layer particulate bond
coat has less adherence than a two layer bond coat.
Moremer. the need for a low expansion layer is near the

interface and particul;uly in the bond coat peaks that con-
stitute the roughness of the bond coat. Since the cermet

pox_der is a more highly processed powder than MCrAIX.
and therefor more expensixe, it makes the most economic

sense to use the cermet powder only where it is needed. For

a single layer coat. the p,'uticulate must be well dispersed
and fine.

6

While the coating of the present invention is targeted for
use as a thermal barrier coating, it is expected that the
invention x_ould aid the adhesion of ant'. coating system that

has a significant expansion nfismatch with the substrate.
5 particularly if the coating is brittle. Examples of such brittle

coatings are ceramics such as AI20_ and carbide coatings+ as
well as cermets such as cemented carbides.

Further+ this invention specifically addresses issues that

have been identified for coatings with rot,gh interfaces.

m Howexer. thermal batviers or other ceramic coating applied
to smooth surfaces may also benefit from the addition of a
coefficient of thermal expansion ICTEI matched layer in the
bond coat.

The preferred embodiments have been described, herein-

Is above. It _ill be apparent to those skilled in the art that the
ahoxe methods ma._ incorporate changes and modifications

without departing fiotn the general scope of this invention.
It is intended to include all such modifications and alter-

ations in so far as they come within the scope of the

appended claims or the equixalents thereof.
2o Ha',ing thus described the in',ention, it is now claimed:

1. A method for producing a controlled expansion bond
coat for thermal banier coatings on an associated substrate.

said thermal blurier coating consisting of a first bond coat
layer of MCrAIX v.herein M is a material selected from the

25 group consisting of nickel cobalt, iron. and mixtures thereof
and v.herein X is a material selected frc,m the group con-

sisting of yttrium, zirconium, hafnium, vtterbium, and mix-
tures thereof, and a second bond layer coat interfacing with

said first bond coat layer consisting of a MCrAIX matrix and

_o particles of a partier, late dispersed throughout said N1CIAIX
matrix ,.,.herein M is a material selected from a group
consisting of nickel, cobalt, iron. and mixtures thereof and

wherein X is a material selected from the group consisting

of yttrium, hafnium. ',tterbium. and mixtures thereof, said

_s partier,late being selected frorn the group consisting of
alumina IAI20_. cfiromia (CreOle. ,,,ttrial h20_!, yttrium-
alununum-garnet, nickel-ahm6nvm spinel, and mullite, said

second bond layer coat hasing an associated coefficient of
thermal expansion, and a ceramic insulating layer consisting

of ZrO.--Y.O, interfacing with said second bond coat
ao layer, saiid ce]amic layer having an associated coefficient of

thermal expansion being substantiall', matched to sltid asso-
ciated coefficient of thermal expansion of said second bond

coat laver, said method consisting of the steps of:

applying said first bond coat to said associated substrate:
4:,

proxiding a mixture comprising said matrix having pzu'-

tides of said partier, late dispersed throughout said

matrix for use as said second bond coat layer:

appl3ing said second bond coat layer to said first bond

5n coat layer: and

appl_ ing said ceramic insulating layer to said second bond

coat.

2. The method of claim 1 v.herein the step of providing a

mixture cornprising said matrix havirtg particles of said

5s particulate dispersed throughout said matrix for use as said
second bond coat la,.er comprises the steps of:

emphuing mechanical methods to disperse said particu-

late throughout a po,,vder comprised of of MCrAIX

matrix and applying the resulting pov_der to said asso-

_,4_ elated substrate to form a coating.
3. The method of claim 2 wherein the mechanical meth-

ods includes:

attrition milling said matrix with said particulate.
4. The method of claim 2 wherein the mechanical meth-

_5 ods includes:

agglomeration processing said matrix v,ith said particu-
late.
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5. The method of claim 2 wherein the mechanical meth-
ods includes:

spray dry processing said matrix with of said p,-uticulate.

6. The method of claim 1 whereto the steps of applying

said first and second bond coat layers comprises:

using electrophoresis to deposit said first and second bond

coat layers.

7. The method of claim 1 wherein the step of applying

said first bond coat layer to said substrate comprises the step
of:

8

thermal spraying said first bond coat layer onto said

substrate.

8. The method of claim I wherein the step of applying

said second bond coat layer to said first bond coat layer

comprises the step of:

thermal spraying said second bond coat layer onto said

first bond coat layer.


